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Spin Physics at RHIC-PHENIX

How much does gluon spin align to proton spin?

Proton structure, especially
spin structure, is still unknown.

Shine a light on
the gluon polarization Ag
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Spin Physics at RHIC-PHENIX

How to measure Ag
Measure ALL In

—

P p — X production. P
X : Pions ( X
Direct photon
J/Y
Any hadrons P
ALl = O+~ O+
O++ + O'+—

D[wgg]( )2+[oogq( )]( )+[ooqq( )2]
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RHIC

> 2 polarimeters
-] - pC Polarimeter (High stat.)
- Polarized Proton Gas Jet
Polarimeter (Abs. value)

RHI( > Beam polarization : 47%
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o w__! > Vs =200 GeV
| > Spin rotator can change

-

#1 spin direction of beam.

E > Remaining transverse
é" component is measured by
b

T Measure by Local
Polarimeters

PHENIX Local Polarimeter.

| > Different spin direction can
| be assigned to each bunch.




PHENIX

- Beam-Beam-Counter &
Zero Degree Counter
>BBC :3.0<|n|<3.9
’f?;'g >Z/ZDC :|n| > 6.6 (6 <2.8mrad)
—-* 2 > Minmum Bias Trigger (BBC)
Wl > Relative Luminosity (BBC&ZDC)
- > Local Polarimeter (ZDC)
- > Physics : Neutron (ZDC)
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& Central Arm

>[N <0.35 Ap =Tt

> Tracker, RICH, EMCal

> Physics : 11°, photon,
charged hadrons, electron

Muon Arm

>1.2<|n|<24

> Muon Tracker, Muon ldetifier
> Physics : muon, J/{y, W



PHENIX

Beam-Beam-Counter &

Zero Degree Counter

>BBC :3.0<|n|<3.9

>Z/ZDC :|n| > 6.6 (8 <2.8mrad)

> Minmum Bias Trigger (BBC)

> Relative Luminosity (BBC&ZDC)
> Local Polarimeter (ZDC)

> Physics : Neutron (ZDC)

PHENIX Detector

PC3 Central
TEC
PC2 Magnet

Central Arm

>[N <0.35 Ap =Tt

> Tracker, RICH, EMCal

> Physics : 11°, photon,
charged hadrons, electron

Muon Arm

>1.2<|n|<24

> Muon Tracker, Muon ldetifier
> Physics : muon, J/yy, W




Luminosity & History

2001-2002 transverse spin run (First polarized proton run)
P=15% L=0.15 pb-1

2003 longitudinal spin run
P=27% L=0.35pb-1 FOM=1.86nb-1

2004 commissioning run (longitudinal spin)
P=40% L=0.12 pb-1 FOM=3.1nb-1

2005 longitudinal spin run (w/ short transverse spin run)
P=47% L=3.8 pb-1 FOM=185nb-1

| #(BBC live)/22mb |
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We had first long

0 8 longitudinal spin run

in 2005.

Figure of merit is

—,,/ ...... Minmor Bias Sample 40 times larger than
L past years.

Days from April 1

FOM : Figure of merit = P4L



L ocal Polarimeter

Central Magnet
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phi Physics Asymmetry (blue,north) : SQRT formula
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L ocal Polarimeter
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phi Physics Asymmetry (blue,south) : SGRT formula
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Longitudinal component > 98%



Relative Luminosity

| oy, coaon T 1 N++-RN=+- L+
%@9 | —_— —_—
f’ W A“=pP NovRN. - Lo
O = B, N ] w0 P : Beam polarization |
cowe (1 " S8 Iim™ N : Number of measured particles
}m m R : Relative Luminosity

U s [/ sV JillEvents detected by BBC are used.

BBC 7ZDC Absolute scale is not necessary.

Systematic uncertainty evaluation

> Compare two detector with different acceptance.
-BBC :3.0<|n| < 3.9
-ZDC : |n| > 6.6 (6 <2.8 mrad)

r(i) = Nzpc(i) should be constant.
Nssc(i) (1 :crossing number)




Relative Luminosity

Compare two rel. lum. detectors : BBC vs. ZDC
I'(l) — NZDC(i)

should be constant. (i : crossing number)

NBrc(1)
Fit r(1) to C[1+ a Ps(1)Pv(i)] : o is possible asymmetry.
: OR oa
OALL from rel. lum. 1s =
- v 2Ps Py PsPy
After renormalization
[ Width Corrected E_LL vs filnumber | - h3 = by Chisquare,
0.003 [— Mean 7119 -4
a 0.002g )F(Wllsdf 371.11/11%5 a) 6R — 1.0 X 10
p0 0.0001019 + 0.0000273 -4
E “ '||H| ] |}||| {I' }JM b) 0ALL = 2.3 x 10

\l
} 11 || b "w T 'Iﬂ Mf'u for 47% beam
polarization.

E c) ArL of BBC relative

00000000000000000000000000000000000000000000

Fill Number to ZDC is
consistent with O.




-yMass Spectrum
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Background fraction is ~30% in 1-2 GeV/c
and ~5% in pT > 4 GeV/c.



11° Cross Section

> The results are consistent
with our past data.

PHENIX Runb5, Preliminary

_ KKP FF (calc. by W.Vogel sang
> Data points extend to

20 GeV/c of pT.

p3 (mb/GeVZ)
S

o 10™
mb
> PQCD calculation TR
describes the data well 107
over all measured pT 10°
region. (1 - 20 GeV/C) 10°” 9.7% scale uncertainty
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> The cross section of other
channel, for example
charged pion, is also :
useful to test pQCD. e g o
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A (D) Tt° ALL

0.08
0.06

0.04:
0.02;

-0.04

O
-0.02

i Tl C.L.
L+ Run 5 (Preliminary), — | N’lszg (%)

- GRSV-max GRSV- | 21.7-
- std 17.1

GRSV-std

—1 | GRSV- | 0.0-

- 4 ____________ ——— | max_ | 0.0

AQ E O — :
: ’ 2079 GRSV | 16.7-
— Scaling error of 40% | Ag — 18.4

IS not| includcled. | |

0 2 4 6 8 10 12| GRSV | 0.7-

p- (GeVic) | Ag=—g | 0.0

Out results reject the GRSV-max.
More statistics is still needed.

But C.L. is dominated by lower pT bins. That's why
we are trying to test pQCD with other channels.



Summary of systematic error

> Relative Luminosity
The error to ALL 1s 0.023% which 1s much smaller
than statistical error. The error is 0.011% for AL.

> Beam Polarization
20% 1s assigned as relative systematic error.
This introduces 40% (20%) scale error for ALL (AL).

> [Local Polarimeter
<P1./P> =99.48+0.12+0.02 (%) for Blue beam
<Pi/P> =98.94+0.21+0.04 (%) for Yellow beam

This 1s negligible compared to the error of absolute beam polarization.

> ATT
<PB Py> =0.22, <PBx Pyx>=0.0022, <PBy Pyy>=0.0001
The effect of ATT is suppressed by factor 100 compared
to ALL. It 1s assumed that ATT 1s smaller than ALL and
uncertainty due to ATT 1s negligible in this case.
We will measure ATT using runs with transverse polarization.

> Bunch Shuffling
Bunch-to-bunch or fill-to-fill systematic error
1s negligible compared to statistical error.
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SMC di-hadron

COMPASS di-hadron
COMPASS di-hadron low Q2
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h‘*
4-“ x
------

A~ a(GE)2 +b(RE)+ c

a, b, c and mean x can be

extracted from several
models of Ag. (Thanks to
Marco, Werner et. al.)

a, b and c : depend on pT
( 2) =A<x>2, <x>=f (pT)

by N. Saito



A glg(x)

0.2

AG with simple model

12 I ndf 3.82e+004 /7
p0 2.111+= 0.0009924

0.15

0.1

0.05

-0.05

o
o

0.5

Brodsky-Schmidt model

——  AAC2004
AAC 1-g limit

-t GRSV std

----- GRSV limit

.y
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¥ COMPASS di-hadron
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- Al
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h‘*
4-“ x
------

10%

A~ a(GE)2 +b(RE)+ c

a, b, c and mean x can be

extracted from several
models of Ag. (Thanks to
Marco, Werner et. al.)

a, b and c : depend on pT
( 2) =A<x>2, <x>=f (pT)

by N. Saito



A glg(x)

AG with simple model

y2 I ndf 10.46 / 7
0.2 p0 -9.64 + 2.985
045
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0.05—
0 -1 -1 W o= -]
0.05—
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SMC di-hadron

¥ COMPASS di-hadron
¥ COMPASS di-hadron low Q2

e
------

A~ a(GE)2 +b(RE)+ c

a, b, c and mean x can be

extracted from several
models of Ag. (Thanks to
Marco, Werner et. al.)

a, b and c : depend on pT
( 2) =A<x>2, <x>=f (pT)

Positive and negative Ag
i1s obtained due to duality
of quadratic equation.

by N. Saito



"Jet" ALL

-
= B
< _ black line ... theory without correction
0.15— blue/green line ... PYTHIA default/MPI 2003 resu |tS
_ solid/dash ... with/without trigger bias
~ shade ... max. scale uncertainty of pT cone
0.1—
= Ag= g input
0.05/— '
o
-0.05—
- PHENIX Preliminary

0.25 pb’, 26% pol. | . I

2 4 6 8 10 12
pPT cone [GeV/¢]

"Jet" detection : Tag one high energy photon and
sum energy of nearby photons/charged particles.

Definition of "pT cone" : Sum of pT measured by
EMCal & Tracker with R =/|¢/*+ |[n|*< 0.3

Real pT of jet is evaluated by modified PYTHIA.




"Jet" ALL
2005 expectation. "~

~0.06
HE|

P

0.05
” 4 ,v"&"A g =ginput
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0

-0.01

4 pb'l, 45% pol. (scaled from Run3)
1 1 1 I 1 | 1 | | | | I 1 1 1 I 1 I
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pT cone [GeV/c]

"Jet" detection : Tag one high energy photon and
sum energy of nearby photons/charged particles.

-0.02

(3]

Definition of "pT cone" : Sum of pT measured by
EMCal & Tracker with R =/|¢/*+ |[n|*< 0.3

Real pT of jet is evaluated by modified PYTHIA.
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> Independent from
fragmentaion.

> ALL is linear equation
of Ag.

Sensitive to sign of Ag
> Low statistics

> Theory describes data
well at pT>5 GeV/c.
(cross section)

Direct photon

Spectra (Subtraction)

. PHENIX
. Preliminary

[ Subtraction

Ed’/dp’ [gh GeV ¢
o
I

105—

0 2 4 6 8 10 12 14 16
p.[GeV/c]




Direct photon

We can constrain Ag with
direct photon in near future.

> Independent from o b N
fragmentaion. | Arp =

> ALL is Inear equation oss | 7200

ol o, e .
Sensitive to sign of Ag: o f-.- I{{ - {_

> Low statistics

> Theory describes data™" |
well at pT>5 GeV/c. '
(cross section)




J/Y

| J/Psi: |y|=1.2-2.4 |
0.15

- aesi> pw PHENIX Preliminary
01—  32pb™, Pol=47%
- 1 3
: Sys. Err 10 E_
0.05 (COM: GS-A) C #
L i ++
- t
) : | _w .IUEE_ ++'|'+
< OF - +
N L4
-0.05 10 W
: ~ |
0.1 i
: 1:_ | | | | | | | | |
- 0 05 1 15 2 25 3 35 4 45 5
_0-15 IIII|IIII| III|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0] 1 2 3 4 5 6 7 8 9 10
I:)T

> Measurement is done using muon arm (1.2<|n|<2.4)
> More statistics is needed.
> ALL depends on the production mechanism of J/y.



Charged pions (An)

= 0.04 =
I - pos. Hadrons (new)
< 0.03 — o neg. Hadrons (new)
— pos. hadrons (run2, publ.)
0.02 — O neg. hadrons (run2, publ.)
0.0 — pos. hadrons mean (pt-shifted)
.01 — . T A neg. hadrons mean (pt-shifted)
0F A—04
= i t} 1
0.01F-
0.02 !
0.03 PHE/V/X o 4
= Praf
04 /
iy 3 "inary
E 1 1 | 1 1 1 1 | | | 1 1 1 | “I 1 | | | 1 1 | 1 1 1 1
0.065 05 1 15 2 25 3 35 4 45 5
pt (GeV/c)

> PHENIX can measure charged hadrons and pions
In central region.

> ALL of charged pions will constrain Ag in addition to
T° results.

> Cross section measurement is another test for
the validity of pQCD.



Summary

> PHENIX has taken first long longitudinal-spin
polarized-proton collision data in Run-5 (2005).
---> 40 times more statistics in figure of merit for ALL.

> Basic tools (Local polarimeter, Relative luminosity
measurement) to obtain ALL are established.
The systematic uncertainties from them are smaller
than statistics of 1t°.

> Ag measurement
- GRSV-max is rejected by m° data.
- Ag 1s extracted with simple model using 1° data.
- Jet ALL in run 5 can be another probe for Ag.
- Study with other channels are on going. (y, J/U, 11, n, A)

> To cover wider x range,
- More statistics in higher pT for large x.
- Collision at Vs = 500 GeV for lower x.



Spin Physics at RHIC-PHENIX
Single Transverse Spin Asymmetry

Left - right asymmetry by

transversely polarized beam.

AN = 1 G((p) B G((p

sin(@) o(¢) + o(¢p — )
Several approaches are suggested.

(Collins effect, Sivers effect, Twist-3...) A

Pion single transverse-spin asymmetry (A,)

_0.6.
B ; 1
0.2 EEREE
0:_. ............ P *‘g ...... 'i. ................................................................................
'02:_ . T[+ : i
04 ° ™ by
L . Tr
060°010203040506070809 1

> AN of pions Iis measured
by many experiment.
(E704, STAR, BRAHMS)

L eft

_________

L A

> AN of pion, neutron is measured

by PHENIX




Spin Physics at RHIC-PHENIX
Anti-quark distribution (Aq) W|th W

W couplmg Is flavor sensitive. . RHIC pps=500GeV s
(ud->W", ud->W ) | J”’zgofpb_l g
---> Anti-quark distribution can P AW =
be extracted. 05 @ AL(WT) Z H// '_
& ‘o
The operation with Vs =500 GeV & | s
is planned in the future. 4  mese
(Currently basic setup is 200 GeV ) e,
Measure parity violating AL. | m;m
_ — ' L/ A/
AL(W™) = Au-d-Ad-u 057 Aulu AV
Au-d+Ad-u 0= My
- - [ - GS95L0O(A)
AL(W ) = Ad-u—Au-0d -~ BS(Ag=0)
Ad U +AU - d el
10 10 x



How to calculate 1t° ALL

1. Calculate AL(t*+BG) and ALL(BG) separately.
2. Get background ratio (wsa).
3. Subtract ALL(BG) from ALL(TT°+BG)

ALL(Tt+BG) = wne -

ALL(TTO)|+ weG - ALL(BG)

Two photon invariant mass

A
10 3 Blue : BG region

P

10°
10° L

10

Red : Signal+BG region

m°+BG region :
+25 MeV
around T1° peak

BG region :
Two 50 MeV region
around Tt° peak

Lo (I I T R N
0 0.1 0.2 0.3 0.4 0.5

M, (GeVvic?)



Syst. error estimation by Bunch Shuffling

Randomly assigns helicity for each crossing.

Check chisquare from fitting fill vs. ArL.
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5<pT<6 GeV/c

hchl2_ALL_pto2
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Entries 1000
Mean 0.59397
RMS 01613

wk

s
111111111

7<pT<8 GeV/c

hchi2_ALL_ptdDd

Entries 1000
Mean 1.041
RMS D.1627

1]
LN )

}}}}}}}}}

8<pT<9 GeV/C

hehl2_ALL_pros

Entries 1000
Mean 1.021
RMS 0.1564
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hehi2_ALL_pt0s

Entries 1000
Mean 0.5929
RMS 0.1592
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hchi2_ALL_ptd7

Entries 1000
Mean 1.104
REMS 0.1858
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X2/NDF distributions have good agreerhent with ideal curve.
All bunch/fill dependent syst. error are negligible.
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AL and other check
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Green : Combined
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> AL ---> Consistent with O

> Parity violation ALL : 0++ vs. 0--, 0+- VS. O-+
---> Consistent with O as expected.

> Various mass range. (£15 MeV, £35 MeV)
---> Results are consistent.



ALL comparison with Run3/4

<:'I 0(2)815— Red : Run-3 (Scaling error of 65% is not ?ncluded.)
- Blue : Run-4 (Scaling error of 65% is not included.)
0'06:_ Black : Run-5 (Scaling error of 40% is not included.)
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C.L. between Run5 and Run3/4 1s

>Run3 : 17.6 %

> Run4 : 18.7 %

They are consistent. (Scale error 1s not considered.)



Spin Physics at RHIC-PHENIX
How to measure Ag

D _ Measure AL in pp — X production.
TT
O++ — O+
ALL =
O++ + O'+—
P

[ 00ee] (—)2+ [ WA ] (— ) [0aa(AQ)?]
Lfeep ﬁ + % (
e % £

In the experiment, we calculate

A= L Ner= RN+ L
P-P N+++ RN+ L+-

N : Number of particle measured in each helicity state.
P : Beam polarization.
R : Relative Luminosity




Polarimeter

proton-Carbon polarimeter - o0
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